The influence of calcium alginate immobilized mycelia of Rhizopus oryzae on the biotransformation of progesterone (1) was investigated. Bioconversion resulted in hydroxylation of 1 at 11α-and 6β, 11α-positions. All the transformation products,  namely 11α-hydroxyprogesterone (1a) and 6β, 11α-dihydroxyprogesterone (1b) were purified by chromatography techniques and  identified on the basis of spectroscopic methods. 
study was obtained from the National Collection of Industrial Microorganisms (NCIM), Pune. It was maintained and propagated as reported earlier [17] .
B. Preparation of mycelia
The fungal mycelia of Rhizopus oryzae were grown as reported earlier [17] in the modified Czapek Dox medium. In brief, 20 flasks (500 mL) each containing 100 mL sterile medium were inoculated with a spore suspension from well grown (3-5 days old) culture of Rhizopus oryzae on a potato dextrose agar slants and incubated at 30 C on a rotary shaker at 200 rpm for 36 h. At the end of the incubation period the cells were harvested by filtration and washed with DI water to remove traces of fermentation media.
C. Immobilization of mycelia in Calcium alginate
The washed mycelia was homogeneously suspended in 50 ml of 4% sodium alginate slurry (0.25 g of mycelia/mL) at 35 ⁰C using a glass rod. The resulted slurry was added drop by drop into stirred 2% calcium chloride solution (500 mL). The sodium ions in sodium alginate were replaced with calcium ions and the mycelia got trapped in calcium alginate. The mycelial alginate beads were incubated in same CaCl 2 solution for 1 h at room temperature for hardening of beads. After 1 h the alginate beads were transferred to fresh 2% CaCl 2 solution and stored at 4 ⁰C until used.
D. Biotransformation of progesterone (1) using Rhizopus oryzae trapped in alginate beads
Fermentation was carried out at large scale for the isolation and purification of metabolites. 35 mg of progesterone (1) dissolved in 0.1 ml tetrahydrofuran was added into each flask containing 50 mL of 2% glucose solution and 10 g of alginate immobilized beads of Rhizopus oryzae. 20 such flasks were then incubated at 30 ⁰C on a rotary shaker at 200 rpm for 6 days. Control experiments were also performed with the substrate, but without microorganism and with the organism but without substrate. Reusability of alginate bead was checked by repeating the same biotransformation process using recycled beads. For the time course experiment, 35 mg of 1 per flask was added to six flasks containing 10 g of fresh immobilized beads suspended in 50 mL sterilized DI water supplemented with 2% glucose and the reaction mixture was incubated at 30 ºC on a rotary shaker. On every alternate day, one flask was withdrawn and beads were separated from the broth by filtration. Metabolites were extracted from the filtrate and the level of transformation was monitored by HPLC at every 24 h for 12 days. The quantitation and levels of different metabolites formed were determined on the basis of area under the respective peak in chromatogram obtained using HPLC and comparing with the standard graphs obtained for individual metabolite. All the experiments were carried out in triplicates and under identical conditions.
E. Extraction of metabolites
At the end of the incubation period, the contents from all flasks were pooled and mycelial beads were separated by filtration. The filtrate was extracted with ethyl acetate (500 mL × 4). The organic layers were combined, dried over anhydrous sodium sulfate and concentrated under reduced pressure on a rotary evaporator. The crude residue obtained was subjected to column chromatography to isolate the metabolites in pure form.
F. Chromatographic procedure
The crude extract was subjected to column chromatography over silica gel (200-400 mesh) and the metabolites were eluted with methanol/dichloromethane (CH 2 Cl 2 ) gradient (1% to 10% of methanol in CH 2 Cl 2 ) mixture. Compounds were analyzed by thin-layer chromatography (TLC) using 5% methanol in CH 2 Cl 2 . TLC was performed on pre-coated silica gel 60-F254 plates (0.25 mm) and compounds were visualized by spraying with a solution of 3.2% anisaldehyde, 2.8% sulfuric acid, 2% acetic acid in ethanol followed by heating. High-performance liquid chromatographic (HPLC) analyses of metabolites was carried out on Waters 600A HPLC instrument, with X-bridge C 18 column (4.6 × 100 mm) and methanol/water gradient at 1 mL/min, monitoring at 245 nm wavelength.
G. Spectral studies 1 H and 13 C NMR spectra were recorded in CDCl 3 and CD 3 OD on Bruker AC-400 at 400.13 and 100.03 MHz or on a Bruker DRX-500 spectrometer at 500.13 and 125.78 MHz respectively. Chemical shifts are reported in parts per million with respect to TMS (tetramethylsilane) as internal standard. Optical rotations ([α] D ) were recorded using Jasco, P-1020 polarimeter and are reported in deg/dm and the concentration (c) is given in g per 100 mL in the specified solvent. Melting points were recorded on Buchi M-560 melting point instrument. Mass spectra were recorded on Q Exactive Orbitrap (Thermo Scientific).
III. RESULT AND DISCUSSION
Immobilization of fungal strain is difficult due to mycelia nature and usually involves the loss in activity during the maceration process. Considering the ease associated with calcium alginate entrapment, transformation of 1 (0.7 g/L) was carried out using Rhizopus oryzae mycelia immobilized in alginate, as described in the experimental section. The crude extract (0.83 g) obtained after incubation for six days upon TLC and HPLC analyses (Fig. 1) revealed the presence of two metabolites along with of substrate 1. Since the transformation was carried out in the water supplemented with glucose and without any fermentation media, HPLC analysis showed that the crude extract contained minimum amount impurities.
Figure 1. Transformation of progesterone (1) with immobilized cells of Rhizopus oryzae
The purification of crude extract (0.83 g) furnished two purified metabolites 1a, 1b (286 mg, 129 mg, R f : 0.47, 0.34, R t : 25 min, 16.5 min respectively). From HRMS and 1 H, 13 C NMR spectral data analyses, the compounds were characterized as 11α-hydroxyprogesterone (1a) and 6β,11α-dihydroxyprogesterone (1b) (Scheme 1). The spectral data for these compounds agreed well with earlier reports [18] , [19] . From the HPLC analysis of crude extract, it was revealed that after six days of incubation the entrapped Rhizopus oryzae transformed 1 into hydroxylated metabolites which are identical to that with suspended cell culture. The retention of transformation activity up to 70% was also observed (Fig. 1) . During the standardization of immobilization procedure, it was observed that the suspension of mycelia into sodium alginate can be obtained more easily at slightly higher temperature of about 35 ⁰C without loss in enzyme activity.
In addition, the transformation study carried out using the beads stored at 4 ⁰C for different time interval revealed that there was no considerable change in the transformation activity of immobilized beads even after one month storage of beads at 4 ⁰C. Time course experiment carried out using 1 as substrate with the immobilized mycelia revealed that, during early stages of incubation (two days) nearly 50% of 1 was transformed into metabolites 1a and 1b. When the incubation period was extended for 12 days, 11α-hydroxyprogestrone (1a) was obtained as a major metabolite (65%), with only 5% unconsumed 1 left out in the fermentation flask (Fig. 2) . With immobilized mycelia, the percentage of dihydroxy derivative 1b has increased only up to 30%, even after an increase in the incubation period to 12 days.
In conclusion, we have standardized the procedure for the transformation of progesterone using mycelia of Rhizopus oryzae entrapped in calcium alginate and it could be extend further for production of different hydroxy steroids on a large scale as well as over a wide range of mycelial fungal strains.
IV. ACKNOWLEDGEMENT Support of the work by the 'International Institute of Information Technology, Hinjawadi, Pune, India' is gratefully acknowledged.
